Aberrant Protein Phase Separation in TGIF1-Mutant Cells
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Background

Methods

Protein phase separation occurs when a generally homogenous solution
spontaneously separates into co-existing dense and dilute phases, leading to
the formation of protein condensates (Fig 1).

The generation and analysis workflow for HeLa and iPS cells is outlined (Fig 5). Edited iPSCs containing the P63R
mutation were purchased and HeLa cell editing for the A61V, P63R, and S162F mutations was performed in-house.

Figure 1. Schematic illustrating phase
separation, whereby a relatively
homogenous solution (left) splits into a
high-density and low-density phase (right).
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Given the vital role of this process in various cellular functions, aberrant phase
separation is associated with various disease phenotypes (Fig 2).1, 2, 3
Figure 2. Schematic
outlining the various
ways in which
dysregulated phase
separation may cause
disease phenotypes.
Figure from Alberti et
al., 2019.4

Figure 5. Schematic demonstrating the methods used for generating edited cell lines and performing analysis of phase separation
behavior in endogenous expression cases.

TGIF1 is an important homeodomain gene involved in neural development.
Specific mutations of TGIF1 cause holoprosencephaly, a disorder
characterized by incomplete development of the forebrain (Figure 3).5
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Figure 3. Figure adapted
from Gripp et al., 20005
(a) Location of mutations
of interest within the
TGIF1 protein (RD =
repression domain, HD =
homeobox domain)
(b) Patient with P63R
mutation, showing lobar
HPE and cleft lip
(c) Sample chromatogram
for heterozygous P63R
mutation.
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Interestingly, induced overexpression of the associated mutant TGIF1 protein
leads to aberrant nuclear condensate formation in certain cases, which is not
observed with overexpression of the wild-type protein (Figure 4).
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Figure 4. Microscopy images
showing the lack of phase
separation in the (a) wild-type and
(b) loss-of-function mutation
cases, compared to (c) globular
gain-of-function mutation and (d)
puncta-forming gain-of-function
mutation cases of TGIF1
overexpression. Images were
captured in HeLa cells.

Puncta

In this study, TGIF1 mutations of interest (A61V, P63R, S162F) were studied
in HeLa and iPS cells in order to validate the occurrence of phase separation
in endogenous TGIF1mut expression and to provide further insight into the link
between aberrant phase separation and disease phenotype.

Results
Test nucleofection and screening allows for identification of optimal gRNA for editing
Considering the experimental cutting efficiency, cut-edit distance, and potential for off-target effects, gRNAs 1 and 6
were selected for editing (Table 1, 2). CRISPR-edited single-sorted cells are growing in culture for screening.
Table 1. Information for gRNAs 1 to 3,
targeting the A61V and P63R region
gRNA1

gRNA2

gRNA3

Number
with indels/
sequenced

9 / 11

16 / 17

2 / 17

Cutting
efficiency
(Predicted)

80-85% (82%)

95-100% (39%)

Cut-edit
distance

A61V: 4 bp
P63R: 10 bp

Off-target
sites

None

Table 2. Information for gRNAs 4 to 6,
targeting the S162F region
gRNA4

gRNA5

gRNA6

Number
with indels/
sequenced

11 / 14

11 / 15

11 / 13

10-15% (3%)

Cutting
efficiency
(Predicted)

70-80% (83%)

70-80% (48%)

80-90% (37%)

A61V: 6 bp
P63R: 0 bp

A61V: 11 bp
P63R: 5 bp

Cut-edit
distance

15 bp

0 bp

0 bp

One mismatch: 1
Two mismatch: 1

One mismatch: 0
Two mismatch: 2

Off-target
sites

One mismatch: 0
Two mismatch: 1

One mismatch: 1
Two mismatch: 0

One mismatch: 0
Two mismatch: 2

iPSC staining for TGIF1 shows possible formation of aberrant condensates
Cultured iPSCs were stained by IF to visualize TGIF1 protein localization in both the WT and edited cases (Figure 6).
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Figure 6. Microscopy images reveal the
absence of condensates in wild-type iPSCs
(a). However, the results appear less
conclusive in edited iPSCs, where some
cells appear to have moderate condensate
formation (b, red arrows), and other cells
appear to lack condensate formation (c).

Conclusions and Future Steps
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Endogenous systems provide unique insights into TGIF1
phase separation, compared to overexpression.

1 Boeynaems

1) Screen for successful editing in HeLa cells and stain for TGIF1 to
analyze endogenous condensate formation.
2) Continue iPSC differentiation and staining to analyze phase
separation in more biologically relevant cellular contexts.
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